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Cleaning Technology in Electronic Industries

and Its Improvement Based on Thermodynamics
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Solvents used in industrial cleaning processes have been required to be replaced with
safer ones from ecological view point. For example CFC (Chlorofluorocarbon) was replaced
with HFE (Hydrofluoroether) or HFC (Hydorofluorocarbon) to avoid ozone depletion and SPM
(Sulfuric acid / Hydrogen peroxide water mixture) was replaced with ozonated water or supercritical
fluid. Replacement of these well-known compounds to new materials requires improvement of

rinse and drying processes as well because the new solvents have notably different properties

from the conventional ones.

In this report outline of the advanced cleaning technologies in

electronic industries are described and improvement of cleaning process using HFE solvent is

explained based on thermodynamics.
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Table 1 Cleaning process in the electronic industry.

Part Process name Contaminant Cleaner Cleanliness degree
Hydrocarbon system
. . organic solvents 5
Metal parts Degreasing process Ol = Surface oil, = 0.1~1 pgem’
Surfactant aqueous ) =
solutions
Glycol ether system
Electromnic . organic solvents N
P Flux cleaning process Flux - ® Surface ions; = 14 ng NaCl in. %
cireuit boards Surfactant aqueous ’ =
solutions
Organic - " N E
con‘m;njnﬂnt\* 1SPM ® Surface carbons, = 9x 102 atoms cm™
* ~ - - . -
Particle 25 PA ¢ Surface particles, = 0.18 pieces cm 2
articles -/ BN . ) <
Cleai (Surface particle size; Z 45 nm)
‘leaning process -
Metallic 3 e o 10 2
LSI contaminants HPM Surface metals, = 1<10° atoms cm
(S1 Wafers) Silicon oxide 4 -
film DHF Perfect removal
*lg
SPM
Resist removal process|  Photoresist " Surface carbong, = 9+10'2 atoms cm™
Monoethanolamine

*1 SPM(Sulfuric Acid / Hydrogen Peroxide Water Mixture)

*2 APM(Ammeonium Hydroxide / Hydrogen Peroxide Water Mixture)

*3 HPM(Hydrochloric Acid / Hydrogen Peroxide Water Mixture)
*4 DHF(Dilute Hydrofluoric Acidy
*5 Military Standard

*6 International Technology Roadmap for Semiconductors, 2009 Edition
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Fig.1 Co-solvent cleaning and drying system.
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Table 2 Maximum values of the excess enthalpy HEmax) for HFE-449 solutions at 7 = 298.15 K.!»

Zecond component HE(max) I mo]'l) X HFE.449 Second component HE(max) i mol'l) X HFE-449

# -Fentane 1352 045 Ilethanol 506 0.65
# -Hexzane 1760 050 Ethanel 725 065
# -Heptane 1820 0.50 1-Propanol 279 0.60
# -Qcatane 1309 0.50 1-Butanel phase separation

# -Nonane 1746 0.50 Ethylene glycol monomethylether 643 0.65
s -Decane phase separation Ethylene glycol monoethylether 669 0.65
2-Propanone T4 0.3% Ethylene glycol monopropylether 760 0.65
2-Butanone 715 0432 Ethylene glycel monobutylether 349 0.&5
3-Pentanone 739 0.43 Diethylene glycol menomethylether phase separation

# -Butylmwihylether 769 0.47 Diethvlene glycol dimethylether 385 0.27

Fig. 1 I\IRL723 - VAR Y MG - B2 AT A OFEGE
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Far—5 0V (HFE),+» 741 72—V (FA),'®
NA Fa7)uituas by (HFK),® N Fa7utan
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bo L72W5T, n-~N7% L HFE-449 X DAL DI
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Fig.2 Cassette for the cleaning.
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Fig.3 Dependence on the impurity concentration for
the stain incidences.
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Fig.4 RCA cleaning by the dip method.
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Fig.5 Saturation dissolution concentration of ozone
in water.
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Fig.6 Phase diagram of carbon dioxide.

Table 3 Physical properties of supercritical carbon
dioxide, gas and liquid.

23), .
T 24) Supercritical COg 24 X
roperty Gas (at P =10 MPa, T = 40°C) Laquid
Density f (kg m™) 0.6~1 624 1000
Viscosity f Pa g 107 485 % 107 1077
EENTWAHL 20
O3+ OH- — 0~ + - OOH
O3 + * OOH — 20, + + OH
O3+ *OH — 0O, + - OOH (3)

2( - OOH) — O3 + H,0
+OOH + * OH — O; + H,O

L2 L, HESHEOBEECERT L SN TwHE Fux
VEFIIVTIAI (- OOH) WEBIHFIET 52 ESR
(BT A Y v B EaHTEE) 12X o CTHRHEA R % 3l A
12hs, GDETAHF T YOHRTSRICHE) & Fav gt F
INVT T HNVDERIZHER I N TV RN ZD720,
Weiss J.IZ & o TREENLDRIUEHTE L VD,
B \VIZHICESR DEEOMBETE Pt ® s Y
VAR E N VO DEETATES .

D EITH YV KOMWEIZE 7E T HRIRA RIS DS
WV, L72A 5T, DA%t Y KOBT—EDL T A
FrEL — b 2RO 20121, KPICBUT B Y DR
IREER LT, # L TH Y v DA DO R ZT W,
BLTH IV VIKOBEET % B IE S &2 FHEOIRED
BEChHb,

3.2.3 BEFREEAVEL I MEREREEZDER

LSI Dl X% — > Db’ 2 Pl FEE U, i)
ROTEHIRP LV A MEREFI T S8 — > NERO RS
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Table 4 Dissolution concentrations of ethylene glycol
ethers for supercritical carbon dioxide at P =
8 MPa, T = 35C.

(Unit; mol %)
m " 1 2 3
1 284 12.8 0.5
4 --- 6.7

Table 5 Solubility of the resist by ethylene glycol ethers
at T =25 C, t = 1 min.

(a) Damage strength for the resist is normal. (b) Damage strength for the resist is strong.

n n

" 1 2 3 " 1 2 3
1 @) ® ® 1 o o) X
4 © © -— 4 X X -—

©:; Resist was removed by the dissolution.
O: Resist was removed by the lift-off.

X Resist was not removed.
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(a) Wet cleaning method

Perfect removal

(Size of the ditch)
‘Width; 100 nm
Depth; 600 nm

Fig.7 Removal effect of the photoresist in the ditch.
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(b) Superecritical fluid cleaning method
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